Occlusion of the central artery of the retina (OCAR) is a true ophthalmic emergency, when every minute that elapses increases the chances of death of the retina. It is therefore absolutely essential to know how long it takes for acute retinal ischaemia to produce irreversible damage. Much of the confusion about this length of time is due to the many conflicting claims reported in anecdotal clinical case studies and in animal experiments, so that it is not at all surprising that in spite of the considerable interest which this subject has attracted no definite conclusion has been reached so far.
Previous studies CLINICAL CASE REPORTS Table 1 comprises most of the available reports in the English literature plus a few from other languages. Recovery of retinal function is said to take place after an ischaemia of anything from 10 minutes to as much as 36 hours. In addition there are 2 more reports in which slow recovery of vision after OCAR has been described. Story9 in 1899 described 2 such cases. A 35-year-old man suddenly lost vision in the left eye to light perception (LP) which improved to counting of fingers (CF) and to *A brief summary of a part of this paper formed a part of the paper presented at the American Academy of Ophthalmology meeting on 7 November 1979 in San Francisco.
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6/24 after 16 and 24 days respectively, and to 6/9 and 6/6 after 43 and 112 days respectively, with an ophthalmoscopically normal fundus. And a 39-yearold woman, who suddenly lost vision in the left eye, recovered to CF in 7 days and to 6/9 in 32 days. Werner'0 described a 27-year-old syphilitic woman who, when seen 14 days after a sudden loss of vision in the left eye, was considered to have classical ophthalmoscopic findings of OCAR and doubtful LP. One week later the vision was LP in the superior nasal quadrant. One week after that she suddenly lost vision in the right eye with OCAR and was found to have doubtful LP in the right eye and CF in the left eye. The visual acuity in the left eye improved to 6/9 42 days after the occlusion and in the right eye to 6/12 and 6/9 14 Recovery time is the time taken by the retina to recover normal function after the restoration of normal circulation; this varied with the duration of ischaemia in our studies ( If glucose-utilisation is taken as the indicator of anaerobic glycolysis in this experiment, then anaerobic glycolysis decreased during prolonged ischaemia. If it is assumed to be 100% in the first [15] [16] [17] [18] [19] [20] minutes, it is 80-90% from minutes, 70% from 40-60 minutes, 50% at 70 minutes, and 20-30% at 90 minutes' ischaemia. On restoration of retinal circulation after 1 hour of ischaemia the glucose of the vitreous remained constantly low in the first 30 minutes. One hour after the end of ischaemia it was replenished 80-90%, and an hour later it was normal. However, retinal glycogen was not replenished in this period, and only 2 days after the ischaemia did the glycogen reserve of the retina begin to renew itself; it was normal 24-36 hours after that. Intravenous administration of glucose did not affect the replenishment of retinal glycogen content in rabbits. These studies of Weiss36 in rabbits showed that glucose taken anaerobically from the vitreous is used up exclusively by the retina. He concluded that it is not the retinal glycogen but the glucose of the vitreous that must be regarded as the most important energy carrier in the retinal ischaemia lasting more than 20 minutes, and the exhaustion of the anaerobic glycolysis is one of the most essential factors determining the limits of tolerance time of the rabbits' retina. Ames and Gurian38 and Webster and Ames39 in incubated isolated rabbit retina found that either anoxia or glucose withdrawal alone produced less marked electrophysiological and electron microscopic changes than those produced by deprivation of both. Kaskel et al. 40 found that several intermediates of glycolysis were changed in their concentrations after pressure ischaemia of rabbit retina, indicating a shift from aerobic to anaerobic breakdown of carbohydrate. The high consumption of glucose in anaerobic glycolysis results in higher consumption of glycogen.3740 Vassileva and Dabov20 found in rabbits that after 60-70 minutes' ischaemia complete replenishment of retinal glycogen did not occur, indicating irreversible change in the activity of enzymes which synthesise glycogen from blood glucose; they emphasised the great significance of glycogen in the retinal metabolism. Johnson41 found no glycogen in the Muller cells after 45-60 minutes' ischaemia in rabbits. Wassilewa et al. 37 found reduction in vitreous glycogen as well, though much less than in the retina. Oberhoff and Hockwin42 found that ATP content of the retina was decreased by 40% after 1 hour's pressure ischaemia in cat and rabbit eyes, and they assumed glycogen to be an energy store for the retina.
The suggestion that NAD + concentrations may be of rate-limiting significance in the retina as well as in the brain is indicated by a related study of experimental microembolism in the miniature pig by Bardy and Tsacopoulos.43 They found, histochemically, that oxidation reduction systems utilising NAD were not detectable following ischaemia. These authors also found a pH drop in the retina to 7 19 and then to 701 after 10 minutes. They ascribed this to diffusion into the retina of lactate accumulated in the vitreous. They speculated that this decrease in pH results in decrease in the activity of the phosphofructokinase system, a rate-limiting step in glycolysis, and eventually to cessation of cell function.
Although much more remains to be learned about the biochemical metabolic changes in the ischaemic retina, it is certain that an adequate supply of glucose and oxygen is vital for the normal functioning of the retina and that glycolysis is -essential for its survival. TOLERANCE TIME TO ISCHAEMIA BY THE  RETINA THAN THE BRAIN   Probably the following factors have an important  role. (I) The findings of Weiss35 and others37-43 may help to explain the fact that the tolerance time of the retina is many times longer than that of the brain during ischaemia. The brain has very scanty stores of intracellular glucose and depends entirely on the blood circulation to supply constantly not only oxygen but also glucose. In contrast to that, in the retina, the situation is very different because (i) there is an ample store of glucose and glycogen, (ii) in addition, the vitreous's glucose content is nearly 3 times that of the retina, and (iii) probably the most important factor is that the major part of glucose and oxygen (80% and 60% respectively in pigs, and 80% of oxygen in cats44) consumed by the retina ordinarily is delivered by the choroidal vessels. 45 This gives the retina self-sufficiency in glucose, and to some extent in oxygen, for a much longer time than the neurones in the brain. Weiss36 found that in the rabbit retina, after 1 hour of ischaemia, there was still 0-15 mg of glycogen in the retina (0 35 mg in normal retina) and 0 60-0-65 mg glucose in the vitreous (1-0-11 mg normally). However, other similar studies in rabbits reported complete loss of glycogen in the retina following 45- These are some possible reasons for the difference in the tolerance of ischaemia between the retina and brain, but there is much more to be learned before we can explain this mystery satisfactorily. This is an important subject, because a better understanding of it could give us clues to increasing the tolerance of ischaemia not only in the retina but also in the brain, and thus help us to buy time for resuscitating these organs after acute ischaemia.
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